Introduction
The supposed increased long term survival of cementless total hip arthroplasty (THA) could be especially beneficial to the relatively young rheumatoid arthritis (RA) patient population.
However, RA is associated with altered biological and mechanical bone properties [1, 3, 4, 20, 21, 23] . This raises several potential complications when cementless prostheses are being used in RA patients. First of all, fractures of either the acetabulum or the femur could occur, both at the time of surgery and in the postoperative phase. Second, there could be an elevated risk of early aseptic loosening as a result of either a reduced primary stability of the implant, or of an altered metabolism of the bone, both potentially compromising the process of osseointegration.
Third, bone loss produced by stress-shielding around cementless stems may contribute to increased pain, periprosthetic fractures and eventually to loss of fixation [15] . This process of bone resorption is known to be more prominent when preoperative osteopenia is present as in RA patients [18, 19, 22] .
To assess these potential complications a study was performed to analyse clinical and radiographic results of a group of RA patients after primary cementless THA and to compare these to the results of a group of OA patients.
Patients and methods
Between 1986 and 1992, 259 consecutive primary cementless THAs were carried out on 223 patients. Sixty-four patients (77 hips) were classified as having RA, and 120 patients (135 hips) were classified as having OA. Patients with other diagnoses were not included.
The implant
The Zweymueller cup is a conically shaped threaded cup made of grit blasted titanium (Zimmer, formerly Sulzermedica, Wintherthur, Switzerland). The insert is made of ultra-high molecular weight polyethylene. A 32 mm Biolox alumina ceramic ball head (Ceramtec, Plochingen, Germany) was used initially, and changed for a 28 mm Biolox alumina ceramic ball head (Ceramtec, Plochingen, Germany) from 1990 onwards. The Zweymuller stem is a tapered, rectangular shaped grit-blasted titanium alloy stem. A first generation cementless Zweymueller (Hochgezogen) stem was used from 1986 to 1987 followed by the second generation SL-Zweymueller (step-less) stem (Sulzermedica, Wintherthur, Switzerland) from 1988 onwards.
Surgical technique
Operations were performed with the patients lying supine using either an anterolateral or a straight lateral approach.
Follow-up evaluation
All patients were seen 3 and 6 months postoperatively and thereafter annually or biannually. Clinical results were assessed using the Harris Hip Score (HHS) [14] . Patients were asked to classify their pain level into one of three categories: no pain, mild to moderate pain, marked pain.
Radiographic analysis
Standard radiographs in two directions of the hip were obtained pre-and post-operatively. Assessment of radiolucencies at the acetabular side was performed according to DeLee and Charnley [7] and on the femoral side according to Gruen et al. [13] . Wear of the insert, bone resorption, cortical hypertrophy, and osteolytic lesions were assessed according to criteria described by Johnston et al. [16] . Inclination of the cup was determined by measuring the angle between the inter-teardrop line and a line through the opening plane of the cup. Malposition of the cup was defined as either perforation through the acetabular floor, a position more than 1 cm too cranial to the anatomical acetabulum, or an inclination of more than 55 degrees or less than 40 degrees. Malposition of the stem was defined as more than 2 degrees of varus or valgus alignment or a position more than 1 cm too cranial to the tip of the greater trochanter. Change in component position (migration, tilting, and subsidence) was determined by comparison between consecutive radiographs. Implant stability was defined according to the criteria described by Engh et al. [11] .
Statistical analysis
The two diagnostic groups were compared either by using Fisher's exact test or the chi-square test for 2×2 tables whenever the outcome was a dichotomous variable; the student t-test in case of continuous outcome variables; or a survival approach using Kaplan-Meier estimates and Cox proportional hazards models in the case of a dichotomous outcome as a function of "time since operation". In all cases p values of <0.05 were considered statistically significant. The probability of implant survival was estimated by Kaplan-Meier survival analysis in both diagnostic groups for the THA as a whole and for stem and cup separately. The survival analyses were each done twice; once for failure of the implant due to any cause, and once for failure due to aseptic loosening in which case a failure due to any other cause than aseptic loosening was treated as a censoring event in the Kaplan-Meier or Cox model.
Since aseptic loosening and non-aseptic loosening are actually "competing risks" and together define the event "overall failure", the Kaplan-Meier estimates are themselves incorrect for the purpose of estimating the true probabilities in the population. Although the relative risks comparing the two diagnostic groups are estimated correctly for aseptic loosening and non-aseptic loosening respectively, the sur-vival curves themselves should be calculated by a competing risk method, for which the package NCSS 2000 was used. In such a competing risk context, the sum of the survival curves for aseptic and non-aseptic loosening add up exactly to the overall survival curve ("due to any cause"). The relation between the diagnostic group and the risk of failure is estimated in the Cox framework. The test used to compare diagnostic groups is the log-rank test.
The endpoints for the survival analysis were failure due to radiographic loosening, revision of a component for any reason and revision of a component for aseptic loosening. Revision was defined as exchange of cup, stem or both components. When the PE-insert was exchanged for wear-leaving cup and stem in pace-this was considered as failure of the insert and not as failure of the cup. Also, when the ball-head was exchanged for recurrent dislocation, this was not consid- 
Results
The RA group was significantly younger than the OA group. The average age at operation in the RA group was 59.1 years (SD 11.5, range 27.1-78.4 years), and for the OA group the average was 65.9 years (SD 7.4, range 40.9-82.5 years). Gender distribution was the same in both groups (RA group: 22 male out of 77; OA group: 26 male out of 135). Sixty-three cases (29 RA, 34 OA) died before 10 years of follow-up was obtained. Two patients lived abroad (2 hips: 1 RA, 1 OA) and were eventually lost to follow-up at 51 and 95 months postoperative, respectively. Up to that time these patients had no complaints of hip pain. The mean follow-up time was 150 months (range 120-210 months).
The HHS improved significantly after surgery in both groups and this gain was maintained over the years; preoperative HHS, RA group: 28.7 (SD 15.6; range 15-74), OA group: 40.5 (SD 13.8, range 18-74).
Intraoperative complications

Acetabulum
Perforation of the cup through the acetabular floor (Fig. 1a) and malposition of the cup more than 1 cm too cranial to the anatomical acetabulum (Fig. 1b) occurred more frequently in the RA group than in the OA group; 4 out of 77 versus 1 out of 135 (p<0.05), and 5 out of 77 versus 0 out of 135 (p<0.05), respectively. None of these cups developed aseptic loosening.
The incidence of malposition of more than 55 degrees or less than 40 degrees inclination was not different between the groups.
Femur
Avulsion of the tip of the greater trochanter occurred significantly more in the RA group than in the OA group; 10 out of 77 versus 4 out of 125 (p<0.05). No relation was found to the survival of the implant or to other complications.
Incomplete shaft fractures were seen once in the RA group and twice in the OA group. These fractures were all secured by tension band wires and healed without complications.
Revisions
Acetabular component
In the RA group six cups needed revision, four due to aseptic loosening. Two of these occurred in an early phase, one of which was revised 31 months after the operation (Fig. 1c) , while the other patient was also scheduled for revision but died due to co-morbidity from cardiovascular disease before the operation was carried out and is not mentioned in Table 1 . For the survival analysis this case was classified as aseptic loosening. The two other cups developed signs of aseptic loosening in a later phase. They were combined with polyethylene (PE) wear and the development of osteolytic lesions and were revised after 117 and 123 months, respectively. Traumatic fracture of the acetabulum with tilting of the cup required revision in two RA patients, 102 and 112 months postoperatively. In the RA group, no cups were revised for infection or recurrent dislocations and none of the revised cups were in malposition. In the OA group eight cups were revised, three due to aseptic loosening; one cup with early loosening was revised after 40 months, two cups were revised in a later phase after, respectively, 76 and 123 months for aseptic loosening in combination with PE wear and the development of osteolytic lesions. None of these cups were malpositioned. Two other cups were revised for malposition; protrusio position of the cup induced instability due to lack of sufficient off-set in one hip. In another hip the anterior acetabular wall was damaged during reaming leaving the cup unstable. Two revisions were performed due to infection, and one for recurrent dislocation.
Femoral component
In the RA group one stem was revised together with the cup 123 months after the index operation due to severe PE wear in combination with extensive osteolytic lesions in the proximal femur and acetabulum.
In the OA group five stems were revised, four of which were for extensive osteolytic lesions in the proximal femur in combination with severe PE wear. One stem was revised due to malposition; the stem was placed too high and the patient complained of leg length discrepancy and thigh pain. In all stem revisions the component was well anchored, necessitating a longitudinal osteotomy at the lateral side of the proximal femur in order to remove the stem.
Re-interventions
No re-interventions had to be carried out in the RA group. In the OA group nine re-interventions were carried out. In four hips recurrent dislocations developed. All four were treated successfully by implanting a longer ceramic ball head. In three hips the insert was exchanged because of PE wear. In two hips removal of heterotopic ossifications was carried out for complaints of pain and stiffness.
Radiographic results
Acetabulum
Incidence and distribution of radiolucent lines were not significantly different between the two groups. Bone atrophy was seen more often in the RA group than in the OA group; 8 out of 43 versus 2 out of 92 (p<0.01) (Fig. 2) . Osteolytic lesions were not found. All cups in both groups were classified as stable.
Femur
Incidence of radiolucent lines around the proximal part of the stem in the RA group was slightly lower than in the OA group; 12 out of 47 versus 40 out of 95 (p=0.05). Bone atrophy was found in the majority of the femora in both groups, predominantly in zones I and VII (Fig. 2) . In the RA group there were significantly more femora with bone atrophy in three or more zones; 18 out of 47 versus 13 out of 95 (p<0.01). Osteolytic lesions were seen around two stems in each group.
Survival analysis
The failure rate for the acetabular component due to aseptic loosening after an average follow-up of 125 months (range 6-210) was 5.2% in the RA group and 2.2% in the OA group. The ten-year survival of the cup in the RA group with failure due to aseptic loosening as the endpoint was 0.95 [95% CI 0.90-1.0] while in the OA group it was 0.98 [95% confidence interval (CI) 0.96-1.00] (Fig. 3a) .
The failure rate due to aseptic loosening for the stem after an average follow-up of 125 months (6-210) was 1.3% in the RA group and 3.7% in the OA group. The ten year survival of the stem in the RA group with failure due to aseptic loosening as the endpoint was 1.0 while in the OA group it was 0.97 [95% CI 0.97-0.99] (Fig. 3b) .
None of the survival analyses showed significant differences between the two groups.
The cumulative probability of failure of one or both components split for aseptic loosening and other causes of component failure such as peri-prosthetic fracture, infection, malposition and recurrent dislocation are presented in Fig. 4 .
Discussion
Several studies show increased loosening of cemented THA in patients with RA [5, 17] , but publications on cementless Zweymueller THA in RA patients are scarce. Publications on this prosthesis in OA patients report good results [6, 10, 12, 24, 25] .
We found two studies on the Zweymueller cup in RA patients. Dominkus et al. [8] found 4% loosening rate in 82 THAs in 61 RA patients after 7 years (range 2-10) while Arnold et al. [2] report on a multi-centre study with several cementless designs after 6.9 years including 591 Fig . 4 Cumulative incidence of failure of one or both components of THA in a competing risk setting, by diagnostic group (left panel RA group; right panel OA group). X-axis: time in months since operation. Yaxis: probability of failure. Red area: probability of failure due to aseptic loosening (both early loosening and late loosening with osteolytic lesions and PE wear). Blue area: probability of failure due to other causes such as peri-prosthetic fracture, infection, malposition and recurrent dislocation patients diagnosed with inflammatory joint disease. They concluded that all cementless prostheses could be used safely in RA patients. On the Zweymueller stem in RA patients we found only one study. Effenberger et al. [9] reported only one stem revision for a traumatic femoral fracture in 60 THAs after 49 months (range 12-131).
In our material several complications occurred more frequently in the RA group: perforation of the cup through the acetabular floor and malposition of the cup in a too cranial position. Together with the two traumatic fractures of the acetabulum with tilting of the cup in the RA group and the increased rate of avulsions of the tip of the greater trochanter, these findings suggest a tendency for a higher rate of fractures in RA patients caused by the altered mechanical properties of the rheumatoid bone. Also, an increased rate of bone atrophy in the acetabulum and the proximal femur was found in the RA group compared to the OA group.
Thus far, this increased bone atrophy in the RA group did not lead to an increase in clinically related consequences, such as pain, aseptic loosening, and peri-prosthetic fractures in comparison with the OA group.
In summary, this study shows that the mechanical stability and the process of osseous integration on the cementless Zweymueller hip prosthesis does not seem to be compromised in RA patients as early aseptic loosening and long term survival were similar in the two diagnostic groups. However, the increased complication rates in RA patients (malposition of the cup, avulsions of the tip of the greater trochanter, and bone atrophy) confirm the concerns based on the altered biomechanical properties of the softer rheumatoid bone with this type of implant. In contrast to the very satisfactory results with the femoral component, accurate positioning of the threaded acetabular component appears to be a problem in RA patients.
